S
houlder pain is highly prevalent in Western society. 1 Depending on the pathology, the point prevalence for shoulder pain varies from 6.9% to 26%, and the year prevalence varies from 4.7% to 46.7%. 2 Shoulder pain affects social well-being, sports activities, and work productivity and is often recurrent or leads to chronicity. 3 About 30% of all new episodes of shoulder pain presented in primary care show complete recovery within 6 weeks. After 6 months, this proportion has been shown to increase to only 54%. 4 Onset, persistence, and recurrence of shoulder pain are often associated with deviant shoulder girdle movement and positioning. [5] [6] [7] [8] [9] Adding assessment of shoulder girdle movement and positioning to clinical examination strategies, therefore, might be justified for optimizing clinical management strategies. 10, 11 At the inception of this study, we identified 3 relevant systematic reviews on the measurement properties of such clinical examination tests. [12] [13] [14] Tests that involve the whole shoulder girdle, however, were not included in these reviews. Wright et al 12 concluded that none of the reviewed tests were useful in differentially diagnosing pathologies of the shoulder. Larsen et al 13 and Fisher and Levangie 14 focused on reviewing tests to assess scapular dyskinesis. 15 Both reviews concluded that visual evaluation systems and upward rotation measurements could be recommended to identify scapular dyskinesis. However, the results of a recently published systematic review on the relationship between scapular orientation and subacromial impingement syndrome indicated that deviation from a "normal" scapular position, as assessed with the aforementioned tests, might not be contributory to the pathology, but rather are part of normal variations. 16 This possibility questions current conceptual ideas of scapular dyskinesis.
Knowledge of the measurement properties of all potentially valuable shoulder girdle measurements is needed to determine which tests should be used in the evaluation of shoulder girdle movements and positioning under both clinical and research conditions. Therefore, the objective of this study was to evaluate the reliability, measurement error, and internal consistency of measurements obtained with performance-based clinical tests for the assessment of shoulder girdle kinematics and positioning in patients with shoulder pain. 17
Method Protocol and Registration
This study was performed based on the COSMIN (COnsensus-based Standards for the selection of health Measurement INstruments) protocol for systematic reviews of measurement properties (http://www.cosmin.nl). The review group comprised clinicians (J.P., S.H., N.D.), clinical epidemiologists (H.K., J.P., S.H., C.T.), and a biomechanical engineer (H.V.). 18 
Eligibility Criteria
Studies were included if they met the following criteria: (1) the test had to be a performance-based, clinical test aimed at assessing movement or positioning of the shoulder girdle; (2) the study had to report on one or more of the measurement properties of internal consistency, reliability, and measurement error; (3) the study had to be an original study; and (4) the study had to be published in full text in the Dutch, English, or German language. Systematic reviews and studies that were reported only in abstract were excluded. In case of an unclearly described clinical applicability of a test, an expert panel (H.V., H.K., N.D.) judged its eligibility. When a clinical test comprised assessment of thoracohumeral kinematics, separate data on the shoulder girdle had to be provided. Clinical tests that only involved scapulohumeral assessment were excluded.
Search Strategy
An extensive search for potentially eligible studies was performed in the electronic databases PubMed, Embase, CINAHL, and SPORTDiscus from inception to August 2015. 19 Search strings were constructed in cooperation with a research librarian and are listed in the eAppendix (available at ptjournal.apta. org). 20, 21 In each database, an additional search was performed, including the names of the instruments that were found in the initial search. Reference lists of the obtained articles were checked to retrieve additional relevant studies. In addition, we contacted experts in our network to trace other potentially eligible studies.
Study Selection Process
Two reviewers (S.H., N.D.) independently performed the selection of studies. Eligibility was established by applying the selection criteria on the title, abstract, and full text of the article, respectively. The full text of the article was obtained when the abstract clearly established the study's eligibility or if the abstract provided insufficient information to definitely reject the study. Discussion rounds between the 2 reviewers dissolved discordance in study selection. In case of persisting disagreement, a third reviewer (H.K.) was consulted for the final judgment.
Data Extraction and Management
Data and study characteristics were extracted and analyzed independently by 2 reviewers (J.P., N.D.). Based on recent studies, 22, 23 we refrained from the timeintensive practice of contacting authors to obtain missing data.
Assessment of Methodological Quality
Two reviewers (J.P., N.D.) independently evaluated the methodological quality of each of the included studies by use of the 4-point rating scale version of the COSMIN checklist. 24 The COSMIN checklist is a tool for evaluating a study's methodological quality per studied measurement property and is recommended for studies on the measurement properties of health-related patient-reported outcomes (HR-PROs) and other measurement instruments, such as performancebased tests. [25] [26] [27] The COSMIN assessment procedure involves a "worst score counts" method. Each item is scored on a 4-point ordinal scale (excellent, good, moderate, or poor), and the total score is determined by taking the lowest score of any item in the box.
As in previous reviews, 25, 28 we left out judgments on sample size requirements from the quality assessment procedure. Instead, we took the sample sizes into account in the best evidence synthesis.
Both assessors were experienced in the application of the COSMIN assessment tool. The first 8 assessments were used as a trial to reach consensus on how to interpret items that can potentially cause conflicting scores. During the assessment procedure, the 2 reviewers were not blinded for study identifiers. Discrepancies in item assessment were dissolved in a discussion round.
Assessment of the Adequacy of the Measurement Property
To assess the adequacy of the measurement properties, we used a slightly adapted version of the checklist used by Terwee and colleagues 29,30 (Tab. 1). Each measurement property was rated as positive (ϩ), negative (Ϫ), or indeterminate (?).
Synthesis of Evidence
Due to clinical and statistical heterogeneity, we refrained from conducting a meta-analysis. Best evidence synthesis of the tests was performed per measurement for each measurement property. As there is no consensus guideline available for reviews on measurement properties, we adopted the criteria for levels of evidence as presented by the Grading of Recommendations Assessment, Development and Evaluation Working Group (GRADE Working Group) with some slight adjustments. 31 The criteria for levels of evidence are presented in Table 2 .
Results
We screened 7,365 records from the electronic search. The additional search retrieved no extra records. The search in other resources yielded 3 potentially eligible studies, which resulted in 165 records that were potentially eligible. Based on abstract screening, 85 studies remained for full-text review. Ultimately, 40 studies were included in this review. The results of the search and the study selection process are presented in a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (eFigure, available at ptjournal.apta.org). 32
Methodological Quality of Included Studies
From a total of 60 methodological quality assessments, 12 were rated as good, 23 as fair, and 25 as poor. Methodological shortcomings were mainly related to a lack of or inappropriate description and use of the time interval between different test conditions. Ratings of the quality assessments and the most important study characteristics are presented in Table 3 . We identified more than 30 different tests. All tests focused on scapular assessment, except for one test that assessed clavicular kinematics. 33 Performance procedures of some tests with identical names were reported differently, and performance procedures of other tests with different names were reported much alike. To be able to give an adequate comparison of the results, we reduced these tests to their actual reported measurements. Then measurements were grouped into 3 categories based on the actual measured content: (1) category I: positional measurement methods, (2) category II: measurement methods to determine dynamic characteristics, and (3) category III: tests to diagnose impairment of shoulder girdle function.
Category I: Positional Measurement Methods
Twenty-two studies were identified that assessed the reliability of measurement methods fitting in this first category. Within this category, tests could be grouped as measuring absolute shoulder girdle positions or measuring normalized shoulder girdle positions. The first group is characterized by measurements of linear distances between the scapula and Multiple studies with methodological quality rated as at least "good" OR one study with methodological quality rated as "excellent" AND consistent findings (ϩ OR Ϫ) AND total sample size Ն100
Moderate-quality evidence ϩϩ OR ϪϪ Multiple studies with methodological quality rated as "fair" OR one study with methodological quality rated as "good" AND consistent findings (ϩ OR Ϫ) AND total sample size Ն50
Low-quality evidence ϩ OR Ϫ One study with methodological quality rated as "fair" AND consistent findings (ϩ OR Ϫ) Overall, results for between-tester reliability for positional measurements were inconsistent. The adequacy of measurement error for within-and betweentester conditions could not be determined due to lack of reporting of the minimal important change (MIC).
In 4 studies, 49, 64, 68, 70 reliability of measurements with tools to determine positional scapular rotation was assessed. In 3 studies, 49, 68, 70 the angle of rotation was directly determined with gravityreferenced measurement tools. One study 64 used linear measures to calculate the angle of scapular rotation.
In total, 7 different humeral elevation angles in the coronal and scapular planes were used across the studies. All studies tested within-tester reliability. Betweentester reliability was assessed only for the calculation method. 64 The results for within-tester and between-tester reliability were positive for all measurements.
Minimal important change values were not presented. Therefore, adequacy of measurement error could not be rated. Best evidence synthesis for within-tester reliability of measurements with the participant's arms positioned neutrally yielded positive high-quality evidence.
Three studies 55, 58, 65 reported on the reliability of assessments to determine acromial positions referenced to a point outside the body. In 2 studies, 55, 65 the measurements were performed with the scapulae in both a relaxed and a retracted position.
Normalized shoulder girdle positions. In 4 studies, 36,49,54,67 2 different methods for determining normalized shoulder girdle positions were reported. Reliability of scapular abduction index measurements was assessed in all 4 studies. Reliability of scapular rotation index measurements was assessed in one study. 67 Both indexes were derived from measurements of scapula-to-spine distances at 3 different humeral elevation angles.
The within-tester reliability was positive for determination of a scapular rotation index, whereas reliability of the remainder of the measurements was inconsistent within the studies. The betweentester reliability for the scapular abduction index was negative for all test conditions when scapular width was used as denominator. In contrast, reliability was positive when the inferior scapular angle was used as a landmark with inferior scapular angle to spine distance as denominator. The adequacy of measurement errors could not be rated due to a lack of reported MIC values.
Category II: Measurement Methods to Determine Dynamic Characteristics
Twelve studies assessed the reliability of measurement methods to determine dynamic characteristics of the shoulder girdle. Within this category, 2 distinct characteristics were recognized: (1) measurements to determine shoulder girdle range of motion (ROM), and (2) measurements to assess typical dynamic behavior of the shoulder girdle during humeral motion. Best evidence syntheses are presented in Table 6 . † Assessments of shoulder girdle ROM. In 4 studies, 34,41,46,53 4 different quantitative measurement methods to determine scapular ROM were identified. In contrast, one study 33 reported on the reliability of a qualitative multi-test regimen.
Two studies 34,43 reported on the reliability of goniometrical measurements of angular scapular travel distances. Three studies 34,38,43 reported on the reliability of assessments of linear scapular travel distances in several directions. All measurements with the participants' arms neutrally dangling aside were indeterminate for both quantitative methods. The reliability of measurements of scapular linear travel distance at both 90 degrees and the end-range of humeral elevation was negative.
The multi-test regimen comprised a composite score of 4 palpation-based observational tests to measure the mobility of the shoulder girdle at the end-range of thoracohumeral elevation. 33 If at least 3 out of 4 tests were rated positive, shoulder girdle ROM was considered restricted. Only data on the reliability of separate test components were reported. They showed negative and conflicting results. Data on internal consistency were not reported.
Assessments of typical dynamic behavior of the shoulder girdle.
Five studies 38, 42, 44, 46, 59 assessed the reliability of measurements to identify typical dynamic behavior of the shoulder girdle. One study 44 reported on the within-Normalized shoulder girdle posi tions. In 4 studies, 36,49,54,67 2 different methods for determining normalized shoulder girdle positions were reported. Reliability of scapular abduction index measurements was assessed in all 4 studies. Reliability of scapular rotation index measurements was assessed in one study. 67 Both indexes were derived from measurements of scapula-tospine distances at 3 different humeral elevation angles. (4) Poor ( Fair (6) Greenfield et al, 1995 40 1. Scapular protraction ratio 2. Scapular rotation
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tester reliability of observations of the presence of a shrug sign during arm elevation in a group of individuals with and without a variety of shoulder pathologies. Another study 38 assessed the reliability of measurements of asymmetrical scapular movement during arm elevation. Within-tester and between-tester reliability of measurements to quantify posterior displacement of the scapula during a weighted task and a nonweighted task were assessed in 2 studies. 42, 59 Finally, one study 46 reported on the within-tester reliability of measurements of the thoracohumeral angle at initial movement of the scapula during arm elevation in both healthy participants and those with trapezius myalgia. The reliability of all measurements was positive, except for measurements of scapular symmetry.
Category III: Tests to Diagnose Impairment of Shoulder Girdle Function
In 14 studies that reported on the reliability of measurement methods to diagnose impairment of the shoulder girdle, 2 distinct approaches were identified:
(1) diagnosis of scapular dyskinesis or scapular impairment based on observed, predefined as faulty scapular kinematics or positions, and (2) rectly assess scapulothoracic muscle function by means of asymmetry in the scapular position. When a measured side-to-side difference exceeds a certain threshold, the scapular position is considered dysfunctional. 73 Bony landmarks to determine scapular positioning varied per study. One of these studies added a fourth test condition to the original 3 conditions. 52 Both studies 52, 56 only reported data on the reliability of measurements with separate test components of the LSST. Data on the internal consistency of the LSST were not reported. The results yielded conflicting evidence.
One study 57 reported on the reliability of assessing scapular dyskinesis using 3-dimensional wing computer tomography. Measurements of 5 different static scapulothoracic angles were used to categorize the participant into a 4-type scapular dyskinesis classification. Only data on the reliability of measurements with separate test components were presented.
Nine studies 38,46,47,50 -52,57,65,69 reported on the reliability of several observational tests, visual-based palpation methods, 
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and classification systems to diagnose scapular dyskinesis. Test conditions and diagnostic criteria varied across the studies. In general, the diagnosis was based on the presence of observed kinematics that were predefined as faulty, such as deviant scapulohumeral rhythm, lack of smoothness in scapulothoracic movement, scapular winging and tipping, and the presence of asymmetrical secular movement. Some methods used asymptomatic side referencing to determine scapular dyskinesis; for other methods, judgment of a single scapula sufficed. 46, 65 Symptom alteration tests. Three studies 48, 60, 66 reported on the reliability of 2 different measurement methods to alter symptoms by temporarily manipulating shoulder girdle position and dynamics. One study 66 assessed the between-tester reliability of measurements with the Scapular Reposition Test. Two studies 48, 60 assessed the betweentester reliability of the Modified Scapular Assistance Test (M-SAT). Best evidence synthesis yielded high-quality evidence for negative results with the M-SAT.
Discussion
This study was conducted to identify and review studies evaluating the reliability of performance-based clinical tests to measure shoulder girdle kinematics and positioning. Due to the large variety in test procedures and the overall fair to poor methodological quality of the included studies, the current available evidence is not sufficient to recommend a specific test for reliable measurements.
Face Validity of the Measurements
This review yielded more than 30 reported methods to assess shoulder girdle function. Among these methods, we found considerable variation in the performance of the measurements, test positions, and modifications; differences in interpretation of test outcomes and contradictory results; and lack of justification for how the measurements were performed.
The application of tests within the first and second categories, which comprised positional measurements or movements while no direct provocation of symptoms was included, was often legitimized by suggested associations between scapular position and shoulder disorders. However, evidence for this relationship is lacking. Therefore, the clinical value of these measurements appears to be limited.
The third category involved tests to diagnose impairment of shoulder girdle function. Within this category, 9 different studies assessed reliability of assessments of scapular dysfunction or dyskinesis with the LSST. Unfortunately, reports on test descriptions and cutoff points were inconsistent, and only 2 of these studies 52, 56 provided data on the measurement of side-to-side differences. As diagnosing scapular impairment with the LSST relies on exceeding a threshold in side-to-side difference, most studies could not be used to draw conclusions on the reliability of the intended test.
Other methods based the diagnosis on predefined criteria for scapular movement that is assumed to be faulty, such as asymmetry and posterior scapular displacement, during standardized arm motion. Strikingly, the applied criteria varied hugely among the studies. Moreover, the rationale to determine whether or not shoulder girdle movement is dysfunctional based on such criteria is questionable. 16 Choices for movement strategies highly depend on individual constraints of the skeletal and neural systems and on the environmental context of a movement task and, therefore, are variable. 74 -76 By just observing a scapular movement pattern or a position, without consideration of these preconditions, it cannot be known whether displayed movement is part of an adaptive or a maladaptive movement strategy. Therefore, this category of tests lacks face validity. From this perspective, measurement methods that comprise an analysis of provocative movements in a context that is relevant to a client might be 
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Reliability of Performance-Based Clinical Measurements more appropriate to establish whether scapulothoracic movement is impaired.
Current tests that come close to this concept are categorized as symptom alteration tests. Unfortunately, the general results of this group of tests were not convincing. Two studies of good quality on the reliability of the M-SAT showed negative results. In the Scapular Reposition Test, the altered condition is performed with an increased external supporting surface provided by the tester. As this approach can contribute to an increased force output, the assumption that scapular repositioning is the determining factor is undermined.
Future Research
Undoubtedly, the validity of the construct being measured affects reliability. Therefore, consensus on a sound theoretical framework on how to interpret movement behavior is a prerequisite for the development of reliable and clinically relevant tests. Further research should focus on how to integrate the assessment of variable and provocative movements in a context that is meaningful to a patient in a measurement instead of evaluating scapular positioning in standardized general arm movements and positions. Furthermore, we recommend reporting MIC values in addition to smallest detectable change values and limits of agreement to enhance the clinical interpretation of measurement errors.
Comparison With Other Systematic Reviews
We have traced 3 other relevant reviews. Additionally, they recommended scapular upward rotation measurements for clinical use. We found conflicting quality of the reliability properties within these categories of tests. In contrast to the aforementioned reviews, we based our conclusions on a best evidence synthesis. Our findings yielded only moderatequality evidence for a few of these measurements but, in general, low-quality evidence to no evidence to advocate the clinical use of these tests. Moreover, the tests recommended in previous reviews were based on the assessment of standardized movements and criteria for stereotypical movements predefined as faulty. We, therefore, doubt the clinical utility of these types of tests.
Strengths and Weaknesses of This Review
Although we performed a comprehensive search and used validated search strings to obtain an extensive data coverage, we are aware that our review might have been subjected to selection bias. Because of insufficient translation resources, we excluded articles that were published in languages other than Dutch, English, and German from our search.
In conclusion, there is insufficient evidence for the application of performance-based clinical tests to reliably measure kinematics and positioning of the shoulder girdle. High-quality evidence indicates that within-tester reliability of inclinometrical measurements of scapular rotation in a rest position seemed to suffice. 49, 68, 70 Essential data on between-tester reliability and measurement error were unavailable. Highquality evidence suggests that the M-SAT does not appear to be reliable for clinical use. The evidence on the reliability of other measurements is inadequate to recommend a particular test for clinical use. The body of literature revealed diversity in performance, description, and interpretation of tests. We encountered different performances of tests with identical names and similar performances of tests with different names. In part of the evaluated measurement methods, the actual measured content to establish reliability did not reflect the intended purpose of the tests. 
